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SEMICONDUCTOR LASER DEVICE AND 
METHOD OF MANUFACTURING THE SAME 

5 

Technical Field 
[0001] 

The present invention relates to a semiconductor laser device 
capable of emitting a plurality of laser lights having different 
10 wavelengths and a method of manufacturing the same. 

Background of the Invention 

[0002] 

With the spreading of digital broadcast or broadband, there 
15 has been a situation in which a large amount of digital contents 
have arrived at each home and information recording is required 
to have a further higher density. With regard to optical disc storage 
system, recording density has been developed from 700MB CD (Compact 
Disc) using a light beam having a wavelength of 780 nm to 4.7GB 
20 DVD (Digital Versatile Disc) using a light beam having a wavelength 
of 650 nm. Furthermore, in recent years an optical disc systemhaving 
a capacity of more than 20 GB has been realized by using a light 
beam having a wavelength of 405 nm. 
[0003] 

25 With such a high density recording system, since it is necessary 

to provide a compatibility to DVD which has been spread widely, 
it is necessary for an optical pickup to mount a laser device capable 
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of emitting a light beam having a wavelength of 650 nm. 
[0004] 

As to an optical pickup capable of emitting a plurality of 
light beams having different wavelengths, it is required to use 
5 a two-wavelength integrated laser device so as to make the optical 
pickup compact in size and light in weight. However, with regard 
to GaN based semiconductor which realizes a laser having a wavelength 
around 405 nm as well as AlGalnP based semiconductor which realizes 
a laser having a wavelength around 650 nm, since their physical 

10 properties differ greatly from each other, it is impossible to realize 
amonolithic integration on the same substrate . To solve this problem, 
there have been suggested an improved two-wavelength integrated 
laser device based on a hybrid structure (patent document 1 : Japanese 
Unexamined Patent Applicant Publication No. 2001-230502; patent 

15 document 2: Japanese Unexamined Patent Applicant Publication No. 
2000-252593) . 
[0005] 

A two-wavelength integrated laser device disclosed in patent 
document 1 is formed by stacking and attaching a first light emitting 

20 element and a second light emitting element on to a support substrate 
(so called sub-mount), thereby realizing a semiconductor laser 
device having a hybrid structure. Here, the first light emitting 
element has a first substrate and can emit a laser light having 
a short wavelength (for example, around 405 nm) , while the second 

25 light emitting element has a second substrate and can emit a laser 
light having a long wavelength (for example, around 650 nm) . 
[0006] 
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In more detail, the first light emitting element is attached 
to the support substrate in a manner such that its light emitting 
portion is positioned on the first substrate's one side facing the 
support substrate, while the second light emitting element is 
5 attached to the first light emitting element in a manner such that 
its light emitting portion is positioned on the second substrate's 
one side facing the first light emitting element. 
[0007] 

A semiconductor laser device having a hybrid structure 
10 disclosed in patent document 2 is formed by electrically bonding 
n-electrode and p-electrode of a second laser section to p-electrode 
and n-electrode of a first laser section through a fused metal so 
as to form an arrangement not containing the substrate of the first 
laser section, thereby making it possible to emit a plurality of 
15 laser lights having different wavelengths by virtue of the first 
laser section and the second laser section. 

Description of the Invention 

Problem (s) to be Solved by the Invention 

20 [0008] 

As described above, the semiconductor laser device disclosed 
in patent document 1 is formed by stacking and attaching a first 
light emitting element and a second light emitting element on to 
a support substrate. However, in order to make it possible to pour 
25 an electric current into an interface serving as bonding surface 
between the first light emitting element and the second light emitting 
element, it is extremely important to stack and thus attach chipped 
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first and second light emitting elements on to the support substrate 
after the first and second light emitting elements have been 
manufactured as individual semiconductor chips. 

When using a two-wavelength integrated laser device as a light 
5 source in an optical pickup for handling an optical disc, it is 
necessary to control an interval between two light emitting points 
with a high precision (±1 \im or less) . Further, in performing an 
alignment when various elements are in the form of chips, it is 
difficult to accurately control an interval between two light 
10 emitting points and their light emitting directions. Moreover, 
since it is necessary to perform an alignment for each chip, it 
is difficult to ensure an acceptable productivity. 
[0009] 

On the other hand, the semiconductor laser device disclosed 
15 in patent document 1 is formed in a manner such that the light emitting 
portion of the first light emitting element is attached closely 
to the support substrate, while the light emitting portion of the 
second light emitting element is attached closely to the first 
substrate provided in the first light emitting element. 
20 [0010] 

However, the above-mentioned structure has been found to have 
the following problem. Namely, the first substrate which has a 
considerable thickness is interposed between the first light 
emitting element and the second light emitting element . As described 
25 in the foregoing patent document 1 , since the first substrate usually 
has a thickness of about 100 ym, it is difficult to avoid an undesirably 
large interval between the light emitting portion (the position 
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of a light emitting point) of the first light emitting element and 
the light emitting portion (the position of a light emitting point) 
of the second light emitting element. 
[0011] 

5 For the reasons discussed above, when the foregoing 

semiconductor laser device is mounted on an optical pickup for 
information recording or information reproducing, once the light 
emitting position (the position of a light emitting point) of the 
first light emitting section is aligned with the optical axis of 
10 an optical system which forms the optical pickup, the light emitting 
position of the second light emitting section will greatly deviate 
from the optical axis of the optical system, hence undesirably causing 
an aberration. 
[0012] 

15 In deed, the above-mentioned unacceptable influence due to 

such an optical axis deviation can be eliminated by adding an optical 
element such as a prism in the optical pickup, this will increase 
the number of parts and manufacturing cost. 
[0013] 

20 In the semiconductor laser device disclosed in patent document 

2, since p-electrode and n-electrode of the first laser section 
are electrically bonded to n-electrode and p-electrode of the second 
laser section, there is a relatively large parasitic capacitance 
due to a fused metal, resulting in a problem that a response 

25 characteristic at the time of driving each laser section will drop 
down. For example, when recording information in CD and DVD or the 
like, once the first laser section or the second laser section is 



5 



* 1 • 

1 i 



driven by a pulse current, the response characteristic will decrease 
under an influence of the above-mentioned parasitic capacitance, 
making it difficult to perform a quick control. 
[0014] 

5 Moreover, with the semiconductor laser device disclosed in 

patent document 2, since p-electrode and n-electrode of the first 
laser section are electrically bonded to n-electrode and p-electrode 
of the second laser section through a fused metal, once an electric 
power is supplied in a forward direction to the first laser section 

10 through the fused metal for the first laser section to emit a light, 
the second laser section will be in an inversed bias state. On the 
other hand, once the electric power is supplied in a forward direction 
to the second laser section through the fused metal for the second 
laser section to emit a light, the first laser section will be in 

15 an inversed bias state. 
[0015] 

As a result, whenever one of the first laser section and the 
second laser section is caused to .emit a light, the other of the 
first and second laser sections will be in an inversed bias state, 
20 causing a pressure proof and a leak current in an opposite direction. 
[0016] 

The present invention has been accomplished in order to solve 
the above-discussed problems and it is an object of the invention 
to provide an improved semiconductor laser device which has excellent 
25 electrical properties and is capable of emitting a plurality of 
laser lights having different wavelengths. Another object of the 
present invention is to provide an improved method of manufacturing 



the semiconductor laser device. 
[0017] 

A further object of the present invention is to provide a method 
of manufacturing in mass production scale semiconductor laser 
5 devices each of which is capable of emitting a plurality of laser 
lights having different wavelengths, and has a small interval between 
light emitting points, excellent electrical properties and a high 
mechanical precision . 

10 Means for Solving the Problem (s) 

[0018] 

An invention recited in claim 1 is a semiconductor laser device 
which emits a plurality of laser lights having different wavelengths . 
The device comprises: a first laser oscillation section laminated 

15 on a semiconductor substrate; and a second laser oscillation section 
which oscillates at a wavelength different from the first laser 
oscillation section. Specifically, the first laser oscillation 
section' s one surface located away from the semiconductor substrate 
and the second laser oscillation section' s one surface located close 

20 to its light emitting portion are bonded together by virtue of 
insulating adhesive layers . The semiconductor laser device further 
comprises: first and second ohmic electrode layers formed on the 
surfaces of waveguides of the first and second laser oscillation 
sections; and first and second wiring layers formed between the 

25 first and second laser oscillation sections, electrically and 
individually connected with the first and second ohmic electrode 
layers . 
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[0019] 

An invention recited in claim 2 is a semiconductor laser device 
based on claim 1, in which the first laser oscillation section or 
the semiconductor substrate is partially protruding when viewed 
5 from the second laser oscillation section side, with the first and 
second wiring layers extending on the surface of the protruding 
portion. 
[0020] 

An invention recited in claim 3 is a semiconductor laser device 
10 based on claim 1 or 2, in which the adhesive layers are SOG (spin 
on glass) . 
[0021] 

An invention recited in claim 4 is a semiconductor laser device 
based on any one of claims 1 to 3, in which an insulating layer 
15 consisting of a material different from the adhesive layers is formed 
between the first wiring layer and the first laser oscillation section 
expect an area of the ohmic electrode layer, 
[0022] 

An invention recited in claim 5 is a semiconductor laser device 
20 based on any one of claims 1 to 4 , in which the semiconductor substrate 
consists of III-V compound semiconductor; the first laser 
oscillation section includes III-V compound semiconductor or II-VI 
compound semiconductor containing arsenic (As) , phosphorus (P) or 
antimony (Sb) as group V element ; the second laser oscillation section 
25 includes nitride based III-V compound semiconductor containing 
nitrogen (N) as group V element. 
[0023] 
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An invention recited in claim 6 is a semiconductor laser device 
based on any one of claims 1 to 4, in which the first laser oscillation 
section includes nitride based III-V compound semiconductor 
containing nitrogen (N) as group V element, the second laser 
oscillation section includes III-V compound semiconductor or II-VI 
compound semiconductor containing arsenic (As), phosphorus (P) or 
antimony (Sb) as group V element. 
[0024] 

An invention recited in claim 7 is a method of manufacturing 
a semiconductor laser device which emits a plurality of laser lights 
having different wavelengths. This method comprises the steps of: 
forming a first film layer containing at least an active layer and 
waveguides on a semiconductor substrate to produce a first 
intermediate body; forming a second film layer containing at least 
an active layer and waveguides on a support substrate to produce 
a second intermediate body; causing the waveguides of the first 
and second intermediate bodies to face each other andbonding together 
the first and second intermediate bodies by virtue of insulating 
adhesive layers; and removing the support substrate to expose the 
second film layer. 
[0025] 

An invention recited in claim 8 is a method of manufacturing 
a semiconductor laser device based on claim 7. In the step of 
producing the first intermediate body, first ohmic electrode layers 
along the waveguides of the first film layer, a first wiring layer 
electrically connected with the first ohmic electrode layers, first 
insulating adhesive layers covering predetermined areas including 



the waveguides, and a second wiring layer are formed and thus laminated 
on the first film layer's one surface having the waveguides- In 
the step of producing the second intermediate body, second ohmic 
electrode layers along the waveguides of the second film layer are 
formed on the second film layer' s one surface having the waveguides, 
and second insulating adhesive layers are formed in areas not 
including the second ohmic electrode layers. In the step of fixing 
together the first and second intermediate bodies by virtue of 
insulating adhesive layers, the second wiring layer and the second 
ohmic electrode layers are electrically connected with each other 
so as to tightly bond together the first and second insulating adhesive 
layers, thereby fixing together the first and second intermediate 
bodies by virtue of the insulating adhesive layers. 
[0026] 

An invention recited in claim 9 is a method of manufacturing 
a semiconductor laser device based on claim 7 or 8, in which the 
adhesive layers are SOG (spin on glass) . 
[0027] 

An invention recited in claim 10 is a method of manufacturing 
a semiconductor laser device based on any one of claims 7 to 9, 
in which the semiconductor substrate consists of III-V compound 
semiconductor; the first film layer includes III-V compound 
semiconductor or II-VI compound semiconductor containing arsenic 
(As), phosphorus (P) or antimony (Sb) as group V element; the second 
film layer includes nitride based III-V compound semiconductor 
containing nitrogen (N) as group V element. 
[0028] 
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An invention recited in claim 11 is a method of manufacturing 
a semiconductor laser device based on claim 10, in which the support 
substrate is a sapphire substrate or an A1N substrate; in the step 
of exposing the second film layer, a light is applied from the backside 
5 of the support substrate to an area adjacent to the junction between 
the support substrate and the second film layer, so as to heat and 
thus decompose the area near the junction. 
[0029] 

An invention recited in claim 12 is a method of manufacturing 
10 a semiconductor laser device based on claim 11, in which the light 
has a wavelength of 360 nm or less. 
[0030] 

An invention recited in claim 13 is a method of manufacturing 
a semiconductor laser device which emits a plurality of laser lights 

15 having different wavelengths. This method comprises the steps of: 
forming a first film layer containing at least an active layer and 
waveguides on a first semiconductor substrate to produce a first 
intermediate body; forming a second film layer containing at least 
an active layer and waveguides on a second semiconductor substrate 

20 to produce a second intermediate body; causing the waveguides of 
the first and second intermediate bodies to face each other and 
bonding together the first and second intermediate bodies by virtue 
of insulating adhesive layers; and removing the second semiconductor 
substrate to expose the second film layer. 

25 [0031] 

An invention recited in claim 14 is a method of manufacturing 
a semiconductor laser device based on claim 13. In the step of 
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producing the first intermediate body, first ohmic electrode layers 
along the waveguides of the first film layer, a first wiring layer 
electrically connected with the first ohmic electrode layers, and 
first adhesive layers are formed and thus laminated on the first 
5 film layer's one surface having the waveguides. In the step of 
producing the second intermediate body, second ohmic electrode 
layers along the waveguides of the second film layer, a second wiring 
layer electrically connected with the second ohmic electrode layers, 
and second adhesive layers are formed and thus laminated on the 

10 second film layer's one surface having the waveguides. In the step 
of fixing together the first and second intermediate bodies by virtue 
of the adhesive layers, the first and second adhesive layers are 
tightly bonded together so as to bond together the first and second 
intermediate bodies. 

15 [0032] 

An invention recited in claim 15 is a method of manufacturing 
a semiconductor laser device based on claim 14, wherein in the step 
of producing the first intermediate body, insulating layers covering 
areas not including the first ohmic electrode layers and formed 
20 of a material different from the adhesive layers are formed on the 
first film layer's one surface having the waveguides, followed by 
forming, on the insulating layers, the first wiring layer 
electrically connected with the first ohmic electrode layers. 
[0033] 

25 An invention recited in claim 16 is a method of manufacturing 

a semiconductor laser device based on claim 15, wherein subsequent 
to the step of removing the second semiconductor substrate to expose 
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the second film layer, the second film layer and the adhesive layers 
are partially etched to partially expose the wiring layer and the 
insulating layer. 
[0034] 

5 An invention recited in claim 17 is a method of manufacturing 

a semiconductor laser device based on any one of claims 13 to 16, 
in which adhesive layer is SOG (spin on glass) . 
[0035] 

An invention recited in claim 18 is a method of manufacturing 
10 a semiconductor laser device based on any one of claims 13 to 17, 
wherein the first semiconductor substrate consists of nitride based 
III-V compound semiconductor containing nitrogen (N) as group V 
element, the first f ilmlayer consists of nitride based III-V compound 
semiconductor containing nitrogen (N) as group V element, the 
15 second semiconductor substrate consists , of III-V compound 
semiconductor, the second film layer includes III-V compound 
semiconductor or II-VI compound semiconductor containing arsenic 
(As), phosphorus (P) or antimony (Sb) as group V element. 

20 Brief Description of the Drawings 
[0036] 

Fig. 1 provides views showing an outer structure and a 
longitudinal section of a semiconductor laser device formed 
according to a first embodiment of the present invention. 
25 Fig. 2 provides perspective views schematically showing a 

process of manufacturing the semiconductor laser device shown in 
Fig. 1. 
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Fig. 3 provides further perspective views schematically 
showing a process of manufacturing the semiconductor laser device 
shown in Fig. 1 . 

Fig. 4 provides further perspective views schematically 
5 showing a process of manufacturing the semiconductor laser device 
shown in Fig . 1 . 

Fig. 5 provides further perspective views schematically 
showing a process of manufacturing the semiconductor laser device 
shown in Fig. 1 . 

10 Fig . 6 provides perspective views showing a modified structure 

of a semiconductor laser device formed according to the first 
embodiment of the present invention and a process of manufacturing 
the same. 

Fig. 7 is a view showing an outer structure of a semiconductor 
15 laser device formed according to a second embodiment of the present 
invention. 

Fig. 8 provides perspective views schematically showing a 
process of manufacturing the semiconductor laser device shown in 
Fig. 7. 

20 Fig. 9 provides further perspective views schematically 

showing a process of manufacturing the semiconductor laser device 
shown in Fig. 7. 

Fig. 10 provides further perspective views schematically 
showing a process of manufacturing the semiconductor laser device 
25 shown in Fig. 7. 

Fig. 11 provides further perspective views schematically 
showing a process of manufacturing the semiconductor laser device 
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shown in Fig. 7. 

Best Mode of Carrying Out the Invention 

[0037] 

5 In the following, with reference to the accompanying drawings, 

description will be given to explain the first and second embodiments 
serving as the best mode for carrying out the present invention. 
[0038] 

[First Embodiment] 
10 A semiconductor laser device of the first embodiment will be 

described with reference to Figs. 1 to 5. 

In detail, Fig. 1(a) is a perspective view showing an outer 

structure of the semiconductor laser device LDA, Fig. 1(b) is a 

view showing a longitudinal section of the semiconductor laser device 
15 LDA illustrated in Fig. 1 (a) , and Figs. 2 to 5 are perspective views 

schematically showing a process of manufacturing the semiconductor 

laser device LDA. 

[0039] 

As shown in Figs . 1 (a) and 1 (b) , the semiconductor laser device 
20 LDA comprises a first light emitting element la including a 
semiconductor substrate 12a consisting of III-V compound 
semiconductor (for example, GaAs) , an insulating Si0 2 based SOG ( spin 
on glass) 3a, and a second light emitting element 2a.. In fact, such 
a semiconductor laser device LDA is formed by integrally bonding 
25 together the first light emitting element la and the second light 
emitting element 2a by virtue of the SOG 3a. 
[0040] 
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Here, as compared with the second light emitting element 2a, 
the semiconductor substrate 12a occupies a much larger area, thus 
having a protruding portion STGa by virtue of a difference between 
the semiconductor substrate 12a and the second light emitting element 
2a. 

[0041] 

The first light emitting element la includes a laser 
oscillation section 10a having formed thereon a waveguide (in the 
present embodiment, it is a ridged waveguide) channel 8a, an ohmic 
electrode layer 9a formed on the ridged waveguide 8a, an insulating 
layer 11a covering an entire area of the laser oscillation section 
10a and the protruding portion STGa except the ohmic electrode layer 
9a, a stripe-shaped conductive wiring layer Qal electrically 
connected with the ohmic electrode layer 9a and extending along 
the protruding portion STGa, an electrode pad Pa31 electrically 
connected with the' wiring layer Qal and mounted on the protruding 
portion STGa, and an ohmic electrode layer Pal formed on the backside 
of the semiconductor substrate 12a. 
[0042] 

The laser oscillation section 10a is formed by a double hetero 
structure (DH) and a ridged waveguide 8a located on the SOG 3a side. 
The double hetero structure (DH) includes an active layer having 
a distorted quantum well structure consisting of III-V compound 
semiconductor ( for example, AlGalnP based semiconductor ) containing 
one of arsenic (As), phosphorus (P) , and antimony (Sb) as group 
V element. The double hetero structure (DH) also includes two clad 
layers laminated together with the active layer interposed 
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therebetween. 
[0043] 

In this way, once a drive current is supplied between the ohmic 
electrode layer Pal and the electrode pad Pa31, such a drive current 
will flow into the ridged waveguide 8a through the wiring layer 
Qal and the ohmic electrode layer 9a, and further into the active 
layer in the laser oscillation section 10a along the ridged waveguide 
8a, thereby emitting a light. 
[0044] 

Further, a laser resonator is formed by virtue of cleavage 
surfaces (mirror surfaces) formed on both ends of the elongated 
ridged waveguide 8a . In this way, a light generated along the ridged 
waveguide 8a is reflected by the two cleavage surfaces (mirror 
surfaces) and repeatedly reciprocated through the active layer, 
and at the same time induces carrier recombination one after another 
so as to effect an induced emission, thereby emitting a laser light 
having a predetermined wavelength (for example, around 650 nm) from 
the cleavage surfaces. 
[0045] 

The second light emitting element 2a includes a laser 
oscillation section 4a having formed thereon a waveguide (in the 
present embodiment, it is a ridged waveguide) 5a, an ohmic electrode 
layer 6a formed on the ridged waveguide 5a, an insulating layer 
7a interposed between the laser oscillation section 4a and the SOG 
3a except the ohmic electrode layer 6a, a stripe-shaped conductive 
wiring layer Qa2 electrically connected with the ohmic electrode 
layer 6a and extending along the protrudingportion STGa, an electrode 
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pad Pa32 electrically connected with the wiring layer Qa2 and mounted 
on the protruding portion STGa, and an ohmic electrode layer Pa2 
formed on the top surface of the semiconductor substrate 4a. 
[0046] 

Here, as shown in Figs. 1(a) and 1(b), the SOG 3a is formed 
on the insulating layer 11a at a size which is almost the same as 
or slightly smaller than its surface facing the ridged waveguide 
8a of the laser oscillation section 10a, while the laser oscillation 
section 4a is formed in a size which is almost the same as the SOG 
3a . 

[0047] 

The laser oscillation section 4a has a double hetero structure 
(DH) and a ridged waveguide 5a located on the SOG 3a side . The double 
hetero structure (DH) includes an active layer having a multiple 
quantum well structure consisting of a nitride based III-V compound 
semiconductor (for example, GaN based semiconductor) whose group 
V element consists of nitrogen (N) . The double hetero structure 
(DH) also includes two clad layers laminated together with the active 
layer interposed therebetween. 
[0048] 

In this way, once a drive current is supplied between the ohmic 
electrode layer Pa2 and the electrode pad Pa32, such a drive current 
will flow into the ridged waveguide 5a through the wiring layer 
Qa2 and the ohmic electrode layer 6a, and further into the active 
layer in the laser oscillation section 4a along the striped shape 
of the ridged waveguide 5a, thereby emitting a light. 
[0049] 
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Further, a laser resonator is formed by virtue of cleavage 
surfaces (mirror surfaces) formed on both ends of the elongated 
ridged waveguide 5a. In this way, a light generated along the striped 
shape of the ridged waveguide 5a is reflected by the two cleavage 
5 surfaces (mirror surfaces) and repeatedly reciprocated through the 
active layer, and at the same time induces carrier recombination 
one after another so as to effect an induced emission, thereby emitting 
a laser light having a predetermined wavelength (for example, around 
405 nm) from the cleavage surfaces. 
10 [0050] 

By virtue of the above-described structure, the semiconductor 
laser device LDA enables the first light emitting element la and 
the second light emitting element 2a to emit lights individually 
and respectively. Further, it is also possible for the first and 
15 second light emitting elements to emit lights simultaneously. 
[0051] 

Next, description will be given to explain a process of 
manufacturing the semiconductor laser device LDA having the 
above-described structure, with reference to Figs. 2 to 5. 
20 [0052] 

At first, an intermediate body 100 for forming the first light 
emitting element la is manufactured at steps shown in Figs. 2(a) 
to 2(e), and another intermediate body 200 for forming the second 
light emitting element 2a is manufactured at steps shown in Figs. 
25 3 (a) to 3 (c) . 
[0053] 

<A first step for manufacturing the intermediate body 100> 
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To manufacture the intermediate body 100, as shown in Fig. 
2 (a) , MOCVD method or the like is employed to laminate a plurality 
of semiconductor films containing an AlGalnP based semiconductor 
and having different compositions and thicknesses on GaAs (001) 
substrate 12a, thereby forming an AlGalnP based film layer 10X 
including an active layer having a distorted quantum well structure 
and a clad layer. 
[0054] 

In more detail, a plurality of layers lOaa - lOae shown in 
Fig. 1(b) are laminated to form the laser oscillation section 10a. 
In practice, a buffer layer lOaa consisting of n-type GaAs formed 
by doping silicon (Si) is at first formed on the GaAs substrate 
12a at a thickness of about .0 . 5 pm, followed by laminating an n-type 
clad layer lOab consisting of Alo.35Gao.15Ino.5P at a thickness of about 
1.2 um. 
[0055] 

Next, a guide layer lOgl consisting of AlGalnP is laminated 
at a thickness of 0.05 pm. 
[0056] 

Subsequently, an active layer lOac having a distorted quantum 
well structure consisting of GalnP and AlGalnP is laminated at a 
thickness of about several tens of nm, followed by laminating a 
guide layer 10g2 consisting of AlGalnP at a thickness of about 0.05 
pm. Afterwards, p-type clad layer lOad consisting of p-type 
Alo.35Gao.15Ino.5P formed by doping zinc (Zn) is laminated at a thickness 
of about 1.2 um. Next, a current carrying layer lOae consisting 
of p-type Gao.51Ino.49P is laminated at a thickness of about 0.05 pm, 
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followed by laminating p-side contact layer (not shown) consisting 

of p-type GaAs at a thickness of about 0.2 vim. 

[0057] 

<A second step for manufacturing the intermediate body 100> 
5 Next, as shown in Fig. 2 (b) , a plurality of ridged waveguides 

8a are formed in <110> direction on AlGalnP based film layer 10X, 
followed by forming therein ohmic electrode layers 9a. 
[0058] 

Namely, a mask in conformity with the shape of two or more 
10 ridged waveguides 8a in <110> direction is formed on the foregoing 
p-side contact layer (not shown) , thereby allowing the portions 
exposed from the mask to be wet-etched. 
[0059] 

The etching Is performed until the p-type clad layer lOad has 
15 reached a thickness of 0.2 \im, thereby forming a plurality of ridged 
waveguides 8a. Then, the mask is removed and a vapor deposition 
is performed so as to form, on the ridged waveguides 8a, the ohmic 
electrode layers 9a consisting of chromium (Cr) , gold (Au) or their 
alloy at a thickness of about 200 nm. 
20 [0060] 

<A third step for manufacturing the intermediate body 100> 

Next, as shown in Fig. 2 (c) , the wet-etching is continued until 
several upper portions of the GaAs (001) substrate 12a are removed, 
thereby forming a plurality of grooves R arranged in <110> direction 
25 and having a depth of 5 urn. In fact, at this step, the AlGalnP based 
film layer 10X is also etched in a manner such that predetermined 
areas containing ridged waveguides 8a are not etched and thus kept 
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as such. 
[0061] 

In more detail, a mask is formed to cover the predetermined 
areas containing the ridged waveguides 8a, thereby allowing the 
portions exposed from the mask to be wet-etched using an etching 
liquid having a ratio of sulfuric acid: hydrogen peroxide water: 
water of 4:1:1. 
[0062] 

<A fourth step for manufacturing the intermediate body 100> 

Then, the mask is removed and an insulating layer 11a consisting 
of Zr0 2 is formed on the surface of AlGalnP based film layer 10X 
except ohmic electrode layers 9a as well as in the grooves R, in 
a manner shown in Fig. 2(d). Subsequently, vapor deposition is 
performed to form a wiring layer Qal consisting of Au and having 
a narrow width on the ohmic electrode layers 9a as well as on the 
insulating layer 11a, in a manner such that the formed wiring layer 
Qal is substantially orthogonal to the longitudinal direction of 
the ridged waveguides 8a, thereby allowing the wiring layer Qal 
and the ohmic electrode layers 9a to be electrically connected with 
each other and allowing the wiring layer Qal itself to extend in 
the grooves. 
[0063] 

<A fifth step for manufacturing the intermediate body 100> 

Next, as shown in Fig. 2(e), SOG 3a is formed to cover the 
upper surface of the ohmic electrode layers 9a as well as the upper 
surface of the insulating layer 11a except the portions extending 
in the grooves R, thereby forming on the insulating layer 11a a 
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plurality of SOGs 3a each having a size which is almost the same 
as or slightly smaller than the laser oscillation section 10a shown 
in Fig. 1 (b) . 
[0064] 

Then, vapor deposition is performed to form a wiring layer 
Qa2 consisting of Au and having a narrow width on the SOGs 3a as 
well as on the insulating layer 11a, in a manner such that the formed 
wiring layer Qa2 is substantially parallel to the wiring layer Qal, 
thereby allowing the formed wiring layer Qa2 to extend over the 
upper surfaces and the side faces of the SOGs 3a, as well as over 
the insulating layer 11a and in the grooves R. 
[0065] 

In this way, the above steps 1 to 4 can be carried out to • 
manufacture a final intermediate body 100 which can produce a 
plurality of first light emitting elements la. 
[0066] 

<A first step for manufacturing the intermediate body 200> 

The intermediate body 200 is formed in a procedure which can 
be described as follows. At first, as shown in Fig. 3(a), MOCVD 
method or the like is employed and sapphire (0001) substrate 13a 
is used as a support substrate to form and thus laminate, on the 
sapphire (0001) substrate 13a, a plurality of semiconductor films 
consisting of GaN based semiconductor and having different 
compositions and different thicknesses, thereby forming a GaN based 
semiconductor including an active layer having the above-mentioned 
multiple quantum well structure and a clad layer. 
[0067] 
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In more detail, a plurality of layers 4ab-4ah shown in Fig. 
1 (b) are laminated one above another to form the laser oscillation 
section 4a, In practice, at first a buffer layer (not shown) 
consisting of GaN or A1N is formed at a thickness of about several 
tens of nm on the sapphire (0001) substrate 13a, followedby laminating 
thereon a base layer 4ab consisting of n-type GaN formed by doping 
silicon (Si), at a thickness of about 5-15 pm. Next, an n-type 
clad layer 4ac consisting of n-type Alo.oeGao.92N is laminated at a 
thickness of about 0.8 pm, followed by laminating a guide layer 
4ad consisting of n-type GaN at a thickness of about 0.2 pm. 
[0068] 

Next, the active layer 4ae is laminated at a thickness of about 
several tens of nm, which has a multiple quantum well structure 
including a well layer and a barrier layer having different 

compositions, with the well layer consisting of In x Gai- x N (O^Sx), 

for example, Ino.oeGao.92N, and In 0 .oiGa 0 .99N. 

[0069] 

Next, an electronic barrier layer 4af consisting of Al 0 .2Ga 0 .eN 
is laminated at a thickness of about 0.02 pm, followedby laminating 
p-type guide layer 4ag consisting of p-type GaN formed by doping 
magnesium (Mg) , at a thickness of about 0.2 pm. 
[0070] 

Next, p-type clad layer 4ah consisting of p-type Alo.oeGao.92N 
is laminated at a thickness of about 0.4 pm, followed by laminating 
p-side contact layer (not shown) consisting of p-type GaN at a 
thickness of about 0.1 pm. 
[0071] 
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<A second step for manufacturing the intermediate body 200> 

Next, as shown in Fig. 3 (b) , a plurality of ridged waveguides 
5a in <1-100> direction are formed on the GaN based film layer 4X, 
followed by forming thereon ohmic electrode layers 6a. 
5 [0072] 

Namely, a mask in conformity with the shape of the plurality 
of ridged waveguides 5a along <1-100> direction is formed on the 
foregoing p-side contact layer (not shown) , followed by etching 
the portions exposed from the mask using a reactive ion etching 
10 (RIE) process. Then, p-type guide layer 4ag is etched until its 
thickness becomes about 0.05 jam, thereby forming a plurality of 
stripe-shaped ridged waveguides 5a. 
[0073] - 

Next, the mask is removed and vapor deposition is performed 
15 to form ohmic electrode layers 6a consisting of Pd, Au or their 
alloy on the tops of the ridged waveguides 5a, followed by laminating 
insulating layers 7a on areas excluding the ohmic electrode layers 
6a . 

[0074] 

20 <A third step for manufacturing the intermediate body 200> 

Next, as shown in Fig. 3(c), SOGs 3a are formed on the top 
surface of the insulating layers 7a to expose the ohmic electrode 
layers 6a, thereby finally obtaining an intermediate body 200 capable 
of producing a plurality of second light emitting elements 2a. 

25 [0075] 

<A first step for manufacturing a semiconductor laser device LDA> 
Next, steps shown in Figs . 4 and 5 are carried out to manufacture 
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a semiconductor laser device LDA from the intermediate bodies 100,2 00 
produced above. 
[0076] 

At first, as shown in Fig. 4 (a) , the SOGs 3a of the intermediate 
5 body 100 and the SOGs 3a of the intermediate body 200 are tightly 
bonded to each other in a manner such that the ridged waveguides 
8a of the intermediate body 100 and the ridged waveguides 5a of 
the intermediate body 200, finally produced in the steps shown in 
Fig. 2(e) and Fig. 3(c), are caused to face each other. Then, the 
10 cleavage surf ace (110) of AlGalnPbased film layer 10X and the cleavage 
surface (1-100) of GaN based film layer 4X are aligned with each 
other. 
[0077] 

Furthermore, under the condition in which the SOGs 3a have 
15 been tightly bonded together, a heating process is performed at 
a temperature of about 550 °C to make the SOGs 3a of the intermediate 
body 100 and the SOGs 3a of the intermediate body 200 integral with 
each other. Further, the wiring layer Qa2 and the ohmic electrode 
layers 6a on the laser oscillation section 4a side are electrically 
20 connected to each other, with the wiring layer Qa2 on the ohmic 
electrode layer 6a side berried into the SOG3a. 
[0078] 

<A second step for manufacturing the semiconductor laser device 
LDA> 

25 Next, as shown in Fig. 4 (b) , a laser light having a wavelength 

of 360 nm or less, preferably a laser light which is a four-times 
wave (wavelength: 266 nm) of YAG laser is converged by a predetermined 
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converging lens into a high energy light, to irradiate from the 
backside of the sapphire substrate 13a in a manner represented by 
a plurality of arrows shown in Fig. 4(b). 
[0079] 

Once the high energy light is applied from the backside of 
the sapphire substrate 13a, almost the entire amount of the laser 
light having the wavelength of 226 nm will penetrate through the 
sapphire substrate 13a without being absorbed except an extremely 
small amount which is absorbedby GaN at an extremely small penetration 
depth. Further, since a considerable lattice mismatching occurs 
between the sapphire substrate 13a and GaN, an extremely large amount 
of crystal defects will exist in GaN near their junctions. For this 
reason, almost the entire amount of the absorbed light will be 
converted into heat, while areas near the junctions will be heated 
to an elevated temperature, with GaN decomposed into metal gallium 
and nitrogen gas. 
[0080] 

At this time, since the groves R are existing, part of the 
GaN based film layer 4X facing the grooves R will fall down, thereby 
forming a plurality of laser oscillation sections 4a separated from 
each other with the grooves R acting as boundaries. 
[0081] 

Here, the laser oscillation sections 4a (namely, the remaining 
GaN based film layer 4X) and the sapphire substrate 13a are in a 
weakly combined state based on metal gallium. Subsequently, the 

entire block is heated at a temperature of 40 °C which is higher 
than the melting point of gallium, so that sapphire substrate 13a 
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can be removed from the laser oscillation sections 4a. 
[0082] 

<A third step for manufacturing the semiconductor laser device LDA> 
After the removal of the sapphire substrate 13a, a plurality 
of laser oscillation sections 4a separated from each other with 
the grooves R acting as boundaries, can be kept adhered to the AlGalnP 
based film layer 10X through the SOGs 3a, thereby exposing the 
insulating layer 11a and the wiring layers Qal, Qa2 formed in the 
grooves on the AlGalnP based film layer 10X side. 
[0083] 

Subsequently, an ultrasonic cleaning is performed in an amount 
of pure water so as to move the afore-mentioned fallen fragments, 
followed by dipping the block in a diluted hydrochloric acid, thereby 
removing the metal gallium remaining in the exposed surfaces of 
the laser oscillation sections 4a. 
[0084] 

<A fourth step for manufacturing the semiconductor laser device 
LDA> 

Then, as shown in Fig. 5(a), vapor deposition or the like is 
performed to form ohmic electrodes Pa2 consisting of titanium (Ti) , 
Au or their alloy on an exposed surface (n-type GaN surface) of 
each laser oscillation section 4a, and to form an ohmic electrode 
Pal consisting of an AuGe alloy (an alloy of gold and germanium) 
on the bottom surface of n-type GaAs substrate 12a.. Meanwhile, vapor 
deposition or the like is performed to form metal electrode pads 
Pa31, Pa32 electrically and independently connected with the wiring 
layers Qal, Qa2 extending in the grooves R. 
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[0085] 

<A fifth step for manufacturing the semiconductor laser device LDA> 
Next, as shown in Fig. 5(b), a cleaving is performed along 
(1-100) plane which is a cleavage plane of GaN based film layer 
5 4X, thereby forming desired laser resonators. 
[0086] 

Furthermore, a secondary cleaving is performed in a direction 
perpendicular to the main surfaces of the laser resonators, thereby 
completing the manufacturing of the semiconductor laser devices 
10 LDA each including the first and second light emitting elements 
la and 2a shown in Fig. 1 (a) , with grooves R becoming projected 
exposed portions. 
[0087] 

According to the above-described semiconductor laser device 
15 LDA, since it is possible to fix together the laser oscillation 
sections 4a and 10a by virtue of thin SOGs 3a, it is possible to 
reduce an interval between the light emitting points on the laser 
oscillation sections 4a and 10a . Inother words, since an arrangement 
is formed in which the laser oscillation sections 4a and 10a are 
20 fixed together by virtue of thin SOGs 3a, it is possible to reduce 
an interval between the active layer of the laser oscillation section 
4a and the active layer of the laser oscillation section 10a, thereby 
making it possible to shorten an interval between the light emitting 
point located in the active layer of the laser oscillation section 
25 4a and the light emitting point located in the active layer of the 
laser oscillation section 10a. 
[0088] 



29 



Moreover, as shown in Figs. 1(a) and 1(b), since a part of 
n-type GaAs substrate 12a projects beyond the laser oscillation 
sections 4a and 10a due to the presence of the grooves R, and since 
the wiring layers Qal and Qa2 are exposed on the upper surface of 
5 the projected portion through the insulating layer 11a, it is easy 
to ensure a desired wiring for supplying drive current. 
[0089] 

Moreover, since the ohmic electrode layers 6a and 9a on the 
p-type semiconductor side are formed only on the ridged waveguides 
10 5a and 8a, it is possible to ensure a small parasitic capacitance, 
thereby improving the response characteristic of the laser 
oscillation sections 4a and 10a, i.e., a high frequency response 
characteristic of the drive current. 
[0090] 

15 Moreover, as described above, since the wiring layer Qal is 

electrically connected to the ohmic electrode layer 6a through the 
SOG 3a and the insulating layer 11a, and since the wiring layer 
Qa2 is electrically connected to the ohmic electrode layer 9a through 
the SOG 3a, it is possible to obtain the following advantages . Namely, 

20 once the drive current is supplied between the ohmic electrode Pal 
and the electrode pad Pa31, the first light emitting element la 
will emit a light. Similarly, once the drive current is supplied 
between the ohmic electrode Pa2 and the electrode pad Pa32, the 
second light emitting element 2a will emit a light. In fact, these 

25 light emissions are performed respectively and individually. On 
the other hand, it is also possible for the first and second 
light emitting elements la and 2a to emit light simultaneously. 
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[0091] 

Further, even when only one of the first and second light 
emitting elements la and 2a is caused to emit a light, the other 
of the first and second light emitting elements la and 2a will not 
5 be in an inverse bias state. 
[0092] 

Moreover, if such semiconductor laser device LDA is installed 
in an optical pickup which records information on or reproduces 
information from CD, DVD or other storage medium, the above-mentioned 

10 reduced interval between two light emitting points makes it possible 
for the respective light emitting points on the first and second 
light emitting elements la and 2a to be located adjacent to the 
optical axis of the optical pickup, thereby greatly inhibiting the 
occurrence of an aberration or the like* 

15 [0093] 

Moreover, according to the manufacturing method of the present 
embodiment, the intermediate bodies 100,200 capable of producing 
a plurality of first and second light emitting elements la and 2a 
are fixed together by SOGs 3a so as to form an integral block which 

20 is then divided into a plurality of semiconductor laser devices 
LDA by cleaving, scribing or the like. As a result, it is possible 
to realize an optimum control of an interval between two light emitting 
points of the two light emitting elements la and 2a in only one 
operation when fixing together the intermediate bodies 100 and 200, 

25 as well as to effect a highly accurate positioning. For this reason, 
it is possible to realize a simplified manufacturing process. 
[0094] 
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In this way, according to the present embodiment , it is possible 
to provide an improved semiconductor laser device LDA capable of 
emitting a plurality of laser lights having different wavelengths, 
having an excellent electrical property as well as a high mechanical 
precision. Further, it is also possible to provide an improved 
manufacturing method capable of manufacturing the above-described 
semiconductor laser device LDA with an adequate mass-production 
ability. 
[0095] 

The above description has been given to explain an example 
in which the laser oscillation section 10a serving as main body 
of the first light emitting element la is formed by an III-V compound 
semiconductor containing arsenic (As) , phosphorus (P) , or antimony 
(Sb) as group V element. However, it is also possible for the laser 
oscillation section 10a to be formed by 1 1 -VI compound semiconductor. 
[0096] 

Moreover, it is also possible for the insulating layers 7a 
and 11a to be formed by an insulating material such as Si0 2 , Zr0 2 , 
and A1N. 
[0097] 

In addition, a substrate for forming GaN based semiconductor 
can be formed by using A1N and AlGaN. 
[0098] 

In the above-described embodiment, the waveguides 5a and 8a 
for receiving a drive current are formed as ridged waveguides. 
However, the present invention should not be limited as such. In 
fact, it is also possible to adopt some other structures. Besides, 
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it is also possible to omit the foregoing insulating layer 7a. 
[0099] 

[Modified Embodiment] 

Next, description will be given to explain a modified 
embodiment in relation to the above-described first embodiment, 
with reference to Figs. 6(a) to 6(c). However, in Figs. 6(a) to 
6(c), elements which are identical with or corresponding to those 
of the semiconductor laser device LDA shown in Figs. 1 to 5 will 
be represented by the same reference numerals. 

[0100] 

Fig. 6(a) is a perspective view corresponding to Fig. 1(a), 
showing an external structure of a semiconductor laser device LDA 
formed according to the present modified embodiment. 
[0101] 

Figs. 6(b) and6(c) are perspective views schematically showing 
a process of manufacturing the semiconductor laser device LDA 
according to the present modified embodiment. In fact, Fig. 6(b) 
corresponds to Fig. 2(e) and Fig. 6(c) corresponds to Fig. 4(c). 
[0102] 

At first, description will be given to explain a difference 
in structure between the semiconductor laser device LDA of this 
modified embodiment and the semiconductor laser device LDA shown 
in Fig, 1 (a) . Namely, in the semiconductor laser device LDA shown 
in Fig. 1(a), the wiring layers Qal, Qa2 and the electrode pads 
Pa31 and Pa32 are formed on the insulating layer 11a of the projected 
portion STGa and located in the same plane. 
[0103] 
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On the other hand, in the semiconductor laser device LDA of 
this modified embodiment, one wiring layer Qal and one electrode 
pad Pa31 are formed through the insulating layer 11a on the 
semiconductor substrate 12a of the first light emitting element 
5 la, while the other wiring layer Qa2 and the other electrode Pa32 
are formed on the surface of the trapezoid SOG 3a formed on the 
semiconductor substrate 12a and the insulating layer 11a. 
[0104] 

The semiconductor laser device LDA of this modified embodiment 
10 can be manufactured in the following process which will be described 
below. 
[0105] 

At first, an intermediate body 100 is produced in the 
manufacturing process described with reference to Figs. 2(a) to 
15 2(e), while an intermediate body 200 is produced in the manufacturing 
process described with reference to Figs. 3(a) to 3(c). 
[0106] 

However, with the semiconductor laser device LDA shown in Fig. 
1 (a) , at a step (the fifth step for manufacturing the intermediate 

20 body 100) shown in Fig. 2(e), SOG 3a is formed only on the upper 
surface of AlGalnP based film layer 10X except the grooves R, followed 
by forming the wiring layer Qa2, thereby producing a final 
intermediate body 100. On the other hand, in the semiconductor laser 
device LDA formed according to this modified embodiment shown in 

25 Fig. 6(b), an entire area including grooves R is covered by SOG 
3a. Then, the wiring layer Qa2 is formed on the surface of SOG 3a, 
thereby producing a final intermediate body 100. 
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[0107] 

Then, in the same steps as shown in Figs, 4(a) and 4(b), the 
intermediate body 100 shown in Fig. 6(b) and the intermediate body 
200 shown in Fig. 3(c) are fixedly bonded together through the SOG 
5 3a. Afterwards, 4-time wave (wavelength: 266 nm) of YAG laser is 
converged by a predetermined converging lens into a high energy 
light which irradiates from the backside of the sapphire substrate 
13a . As a result, GaN near the interface with the sapphire substrate 
13a in the intermediate body 200 is decomposed into metal gallium 
10 and nitrogen gas . Subsequently, sapphire substrate 13a is removed. 
[0108] 

In this way, different from the semiconductor laser device 
LDA shown in Fig. 1 (a) whose intermediate body with its sapphire 
substrate 13a removed has a structure shown in Fig. 4(c), the 

15 semiconductor laser device LDA according to this modified embodiment 
is formed in a manner such that its intermediate body with its sapphire 
substrate 13a removed has a structure in which the SOG 3a and the 
wiring layer Qa2 located in the grooves R are exposed, as shown 
in Fig . 6(c). 

20 [0109] 

Then, the SOG 3a located in the grooves R is etched except 
some predetermined areas in which the wiring layer Qa2 is formed, 
thereby exposing the wiring layer Qal . 
[0110] 

25 Afterwards, in the same steps as shown in Figs .5(a) and 5 (b) , 

a predetermined cleaving operation is performed, thereby completing 
the semiconductor laser device LDA of this modified embodiment shown 
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in Fig. 6(a). 
[0111] 

With the use of the semiconductor laser device LDA according 
to this modified embodiment, it is possible to obtain the same effects 
5 as obtainable from the semiconductor laser device LDA shown in Fig. 
1 (a) . 
[0112] 

[Second Embodiment] 

Next, description will be given to explain a semiconductor 
10 laser device LDB formed according to a second embodiment of the 
present invention, with reference to Figs. 7 to 11. 

Fig. 7 is a perspective view showing an external structure 
of the semiconductor laser device LDB, Figs. 8 to 11 are perspective 
views schematically showing a process of manufacturing the 
15 semiconductor laser device LDB. 
[0113] 

As shown in Fig. 7, this semiconductor laser device LDB 
comprises a first light emitting element lb capable of emitting 
a laser light having a predetermined wavelength, and a second light 

20 emitting element 2b capable of emitting a laser light having a longer 
wavelength (for example, 405 nm) than the first light emitting element , 
with the first light emitting element lb and the second light emitting 
element 2b integrally bonded together by virtue of Si0 2 basedSOG (spin 
on glass) 3b, thereby producing the semiconductor laser device LDB. 

25 [0114] 

Here, as compared with an area occupied by the second light 
emitting element 2b, an area occupied by the semiconductor substrate 
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SUB1 is relatively large. In this way, a projected portion STGb 
of the semiconductor substrate SUB1 is thus formed by virtue of 
an area difference between the second light emitting element 2b 
and the semiconductor substrate SUB1 . 
[0115] 

The first light emitting element lb comprises a semiconductor 
substrate SUB1 formed by III-V compound semiconductor (GaN based 
semiconductor) whose group V element consists of nitrogen (N) , a 
first laser oscillation section 4b having formed thereon a waveguide 
(which is a stripe-shaped ridged waveguide) and capable of emitting 
a laser light having the foregoing wavelength, an insulating layer 
7b interposed between the laser oscillation section 4b and the SOG 
3b except the ohmic electrode layer 6b, a stripe-shaped conductive 
wiring layer Qbl electrically connected with the ohmic electrode 
layer 6b and extending along the projected portion STGb, and an 
ohmic electrode Pbl formed on the bottom surface of the semiconductor 
substrate SUB1 . 
[0116] 

Here, the laser oscillation section 4b is formed by a double 
hetero structure (DH) and a ridged waveguide 5b located on the SOG 
3a side. The double hetero structure (DH) includes an active layer 
having a multiple quantum well structure consisting of a nitride 
based III-V compound semiconductor (for example, GaN based 
semiconductor) whose group V element consists of nitrogen (N) . The 
double hetero structure (DH) also includes two clad layers laminated 
together with the active layer interposed therebetween. 
[0117] 
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In this way, once a drive current is suppliedbetween the exposed 
wiring layer Qbl and the ohmic electrode layer Pbl, such a drive 
current will flow into the ridged waveguide 5b through the ohmic 
electrode layer 6b, and further into the active layer in the laser 
oscillation section 4b along the striped shape of the ridged waveguide 
5b, thereby emitting a light. 
[0118] 

Further, a laser resonator is formed by virtue of cleavage 
surfaces (mirror surfaces) formed on both ends of the elongated 
ridged waveguide 5b. In this way, a light generated along the striped 
shape of the ridged waveguide 5b is reflected by the two cleavage 
surfaces (mirror surfaces) and repeatedly reciprocated through the 
active layer, while at the same time inducing carrier recombination 
one after another so as to effect an induced emission, thereby emitting 
a laser light having a predetermined wavelength (for example, around 
405 nm) from the cleavage surfaces. 
[0119] 

The second light emitting element 2b includes a laser 
oscillation section 10b having formed thereon a waveguide 
(stripe-shaped ridged waveguide) 8b and an ohmic electrode layer 
6a, an insulating layer 7a interposed between the laser oscillation 
section 10b and the SOG 3a except the ohmic electrode layer 9b, 
a stripe-shaped conductive wiring layer Qb2 electrically connected 
with the ohmic electrode layer 9b and extending along the protruding 
portion STGb, and an ohmic electrode Pb2 formed on the top surface 
of the semiconductor substrate 10b. 
[0120] 
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The laser oscillation section 10b has a double hetero structure 
(DH) and the foregoing ridged waveguide 8b. The double hetero 
structure (DH) includes an active layer having a distorted quantum 
well structure consisting of an III-V compound semiconductor (for 
5 example, AlGalnP based semiconductor) containing arsenic (As), 
phosphorus (P) , or antimony (Sb) as group V element. The double 
hetero structure (DH) also includes two clad layers laminated 
together with the active layer interposed therebetween. 
[0121] 

10 Moreover, as will be described in detail later, a trapezoid 

portion formed by shaping the SOG 3b is provided on the insulating 
layer 7b on the protruding portion STGb side . The conductive wiring 
layer Qb2 extends on the trapezoid portion, thereby forming an 
electrode for supplying a drive current from outside. 

15 [0122] 

In this way, once a drive current is suppliedbetween the exposed 
wiring layer Qb2 and the ohmic electrode Pb2, such a drive current 
will flow into the ridged waveguide 8b through the ohmic electrode 
layer 9b, and further into the active layer in the laser oscillation 
20 section 10b along the striped shape of the ridged waveguide 8b, 
thereby emitting a light. 
[0123] 

Further, a laser resonator is formed by virtue of cleavage 
surfaces (mirror surfaces) formed on both ends of the elongated 
25 ridged waveguide 8b. In this way, a light generated along the striped 
shape of the ridged waveguide 8b is reflected by the two cleavage 
surfaces (mirror surfaces) and repeatedly reciprocated through the 
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active layer, while at the same time inducing carrier recombination 
one after another so as to effect an induced emission, thereby emitting 
a laser light having a predetermined wavelength (for example, around 
650 nm) from the cleavage surfaces* 
5 [0124] 

By virtue of the above-described structure, the semiconductor 
laser device LDB enables the first light emitting element lb and 
the second light emitting element 2b to emit light individually 
and respectively. Further, it is also possible for the first and 
10 second light emitting elements to emit light simultaneously. 
[0125] 

Next, description will be given to explain a process of 
manufacturing the semiconductor laser device LDB having the 
above-described structure, with reference to Figs. 8 to 11. 
15 [0126] 

At first, an intermediate body 300 for forming the first light' 
emitting element lb is manufactured at steps shown in Figs. 8(a) 
to 8(e), and another intermediate body 400 for forming the second 
light emitting element 2b is manufactured at steps shown in Figs. 
20 9 (a) to 3(e). 
[0127] 

<A first step for manufacturing the intermediate body 300> 

The intermediate body 300 is formed in a procedure which can 
be described as follows. At first, as shown in Fig. 8(a), MOCVD 
25 method or the like is employed so that a plurality of semiconductor 
films consisting of GaN based semiconductor and having different 
compositions and different thicknesses are laminated on GaN based 
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semiconductor, or more specifically, on n-type GaN (0001) substrate 
SUB1, thereby forming GaN based film layer 4X equivalent to various 
layers 4ab to 4ah shown in Fig. 1(b), i.e., forming a GaN based 
semiconductor including an active layer having the above-mentioned 
5 multiple quantum well structure and a clad layer. 
[0128] 

Namely, a base layer 4ab consisting of n-type GaN formed by 
doping silicon (Si) is laminated on the semiconductor substrate 
SUB at a thickness of about 5-15 pm. Next, an n-type clad layer 

10 consisting of n-type Alo.oeGao.92N is laminated at a thickness of about 
0.8 pin, followed by laminating a guide layer consisting of n-type 
GaN at a thickness of about 0 . 2 urn. Next, an active layer is laminated 
at a thickness of about several tens of nm, which has a multiple 
quantum well structure including a well layer and a barrier layer 

15 consisting of Ino.oeGao.92N, and In 0 . oiGa 0 . 99N . Next, an electronic 
barrier layer consisting of Al 0 .2Ga 0 .eN is laminated at a thickness 
of about 0.02 \xm, followed by laminating p-type guide layer consisting 
of p-type GaN formed by doping magnesium (Mg) , at a thickness of 
about 0.2 \xm. Then, p-type clad layer consisting of p-type 

20 Alo.oeGao.92N is laminated at a thickness of about 0.4 ym, followed 
by laminating p-side contact layer consisting of p-type GaN at 
a thickness of about 0.1 pm, thereby forming GaN based film layer 
4X. 

[0129] 

25 <A second step for manufacturing the intermediate body 300> 

Next, as shown in Fig. 8 (b) , a plurality of ridged waveguides 
5b are formed on the GaN based film layer 4X, followed by forming 
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•thereon ohmic electrode layers 6a. 
[0130] 

Namely, a mask in conformity with the shape of the plurality 
of ridged waveguides 5b is formed in<l-100> direct ion on the foregoing 
5 p-side contact layer, followed by etching the portions exposed from, 
the mask using a reactive ion etching (RIE) process. 
[0131] 

Here, the foregoing p-type guide layer is etched until its 
thickness becomes about 0.05 urn, thereby forming a plurality of 
10 stripe-shaped ridged waveguides 5b. 
[0132] 

Next, the mask is removed and vapor deposition is performed 
to form ohmic electrode layers 6b consisting of Pd, Au or their 
alloy on the tops of the ridged waveguides 5b, at a thickness of 
15 about 200 nm. 
[0133] 

<A third step for manufacturing the intermediate body 300> 

Next, as shown in Fig. 8 (c) , an insulating layer 7b consisting 
of Zr0 2 is formed on the surface of GaN based film layer 4X except 
20 the ohmic electrode layers 6b. 
[0134] 

<A fourth step for manufacturing the intermediate body 300> 

Next, as shown in Fig. 8(d), vapor deposition is performed 
to form a wiring layer Qbl consisting of Au and having a predetermined 
25 width on the ohmic electrode layers 6b and the insulating layers 
7b, in a manner such that such wiring layer is substantially orthogonal 
to the longitudinal direction of the ridged waveguides 5b. At this 
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time, the wiring layer Qbl and the ohmic electrode layers 6b are 

electrically connected with each other. 

[0135] 

<A fifth step for manufacturing the intermediate body 300> 
5 Next, as shown in Fig. 8(e), SOG 3b of Si0 2 based material 

is formed on the entire surface of the GaN based film layer 4X, 
thereby producing a final intermediate body 300. 
[0136] 

<A first step for manufacturing the intermediate body 400> 
10 Next, an intermediate body 400 is produced in the following 

procedure. At first, as shown in Fig. 9(a), MOCVD process is 
performed to form an etching stop layer STP consisting of InGaP 
on the top surface of an III-V compound semiconductor, more 
specifically, on the top surface of n-type GaAs (001) semiconductor 
15 substrate SUB 2, followed by laminating thereon an AlGalnP based 
film layer 10X equivalent to various layers lOaa-lOae shown in 
Fig. 1(b), i.e., AlGalnP based film layer 10X having an active layer 
of distorted quantum well structure and a clad layer. 
[0137] 

20 Namely, after forming the etching stop layer STP on the top 

surface of the semiconductor substrate SUB 2, a buffer layer 
consisting of n-type GaAs formed by doping Si is formed on the etching 
stop layer STP at a thickness of about 0 . 5 pm, followed by laminating 
thereon an n-type clad layer consisting of n-type Alo.35Gao.15Ino.5P 

25 at a thickness of about 1.2 ym, as well as an n-type guide layer 
consisting of AlGalnP at a thickness of about 0.05 ym. 
[0138] 
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Next, an active layer of distorted quantum well structure 
consisting of GalnP and AlGalnP is laminated at a thickness of several 
tens of nm, followed by laminating p-type guide layer consisting 
of AlGalnP at a thickness of about 0 . 05 ym. Then, p-type clad layer 
5 consisting of Alo.35Gao.15Ino.5P formed by doping Zn is laminated at 
a thickness of about 1.2 urn, followed by laminating an electrically 
conductive layer consisting of p-type Gao.5lIno.49P at a thickness 
of about 0.05 urn, followed by laminating p-side contact layer 
consisting of p-type GaAs at a thickness of about 0.2 ym, thereby 
10 forming an AlGalnP based film layer 10X. 
[0139] 

<A second step for manufacturing the intermediate body 400> 

Next, as shown in Fig. 9 (b) , a mask is formed on AlGalnP based 
film layer 10X in a manner such that a plurality of ridged waveguides 

15 8b along <110> direction are formed at the same interval as the 
ridged waveguides 5b shown in Fig. 8(b). Then, a wet etching is 
performed to etch portions exposed from the mask, using an etching 
liquid having a ratio of sulfuric acid: hydrogen peroxide water: 
water of 4:1:1. 

20 [0140] 

Here, such an etching is continued until p-type clad layer 
arrives at a thickness of about 0.2 ym, thereby forming a plurality 
of stripe-shaped ridged waveguides 8b. 
[0141] 

25 Next, after removing the above-mentionedmask, ohmic electrode 

layers 9b consisting of Cr, Au or their alloy are formed on the 
ridged waveguides 8b. 
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[0142] 

<A third step for manufacturing the intermediate body 400> 

Next, an insulating layer lib consisting of Si0 2 is formed 
on the surface of AlGalnP based film layer 10X except the ohmic 
5 electrode layers 9b. 
[0143] 

<A fourth step for manufacturing the intermediate body 400> 

Next, as shown in Fig. 9(d), vapor deposition is performed 
to form a wiring layer Qb2 consisting of Au and having a predetermined 

10 width on the ohmic electrode layers 9b as well as on the insulating 
layer lib, in almost orthogonal relation with the longitudinal 
direction of the ridged waveguides 8b. At this time, the wiring 
layer Qb2 and the ohmic electrode layers 9b are electrically connected 
with each other. 

15 [0144] 

<A fifth step for manufacturing the intermediate body 400> 

Next, as shown in Fig. 9(e), Si0 2 based SOG 3b is formed on 
the entire surface of the AlGalnP based film layer 10X, thereby 
producing a final intermediate body 400. 
20 [0145] 

<A first step for manufacturing the semiconductor laser device LDB> 
Next, the semiconductor laser device LDB is manufactured from 
the intermediate bodies 300,400 produced in advance, according to 
the steps shown in Figs. 10 and 11. 
25 [0146] 

First, as shown in Fig. 10(a), the ridged waveguides 5b and 
8b of the finally produced intermediate bodies 300, 400 are arranged 
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to face each other. Then, the cleavage surface (1-100) of the GaN 
based film layer 4X and the cleavage surface (110) of the AlGalnP 
based film layer 10X are aligned with each other, so as to tightly 
bond together the SOG 3a of the intermediate body 300 and the SOG 
5 3a of the intermediate body 400. 
[0147] 

Furthermore, under a condition in which the two SOGs 3a have 
been tightly bonded together, heating is performed at a temperature 
of about 550 °C so as to make the SOG 3a of the intermediate body 
10 300 and the SOG 3a of the intermediate body 400 to be formed into 
an integral body, and to allow the wiring layer Qb2 formed within 
the intermediate body 400 to be buried into the SOG 3a. 
[0148] 

<A second step for manufacturing the semiconductor laser device 
15 LDB> 

Next, as shown in Fig. 10(b), a semiconductor substrate SUB2 
of n-type GaAs is wet-etched by an etching liquid having a ratio 
of sulfuric acid: hydrogen peroxide water: water of 4:1:1. 
Subsequently, an etching stop layer STP exposed due to the wet etching 
20 is removed by performing a further etching operation using an etching 
liquid having a ratio of hydrochloric acid: water of 1:1, thereby 
exposing the AlGalnP based film layer 10X. 
[0149] 

Namely, a buffer layer is exposed which consists of n-type 
25 GaAs described in the first step for manufacturing the 
above-mentioned intermediate body 400. 
[0150] 
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<A third step for manufacturing the semiconductor laser device LDB> 
Next, as shown in Fig. 10(c), mask is arranged in areas for 
forming the laser oscillation sections 10b, and a wet-etching is 
performed to remove some portions of the AlGalnP based film layer 
5 10X which are exposed from the mask. 
[0151] 

In this way, as shown in Fig. 10(c), a plurality of laser 
oscillation sections 10b are formed and the insulating layers lib 
located between the respective laser oscillation sections 10b are 
10 thus exposed. 
[0152] 

<A fourth step for manufacturing the semiconductor laser device 
LDB> 

Next, as shown in Fig. 11(a), a dry etching operation using 
15 CF 4 gas is performed on the exposed insulating layers lib and SOGs 
3b, thereby exposing the wiring layers Qbl, Qb2 and forming the 
trapezoid SOGs 3b. 
[0153] 

That is, when the dry etching is performed using CF 4 gas, Si0 2 
20 insulating layer lib is etched, while the Au wiring layers Qbl and 
Qb2 are not etched, followed by etching Si0 2 based SOGs b3 except 
the portions located on the lower sides of the wiring layers Qb2 . 
As a result, as shown in Fig. 11(a), trapezoid SOGs 3b are left, 
so are the wiring layers Qb2 on the trapezoid SOGs 3b, as well as 
25 the wiring layers Qbl on the insulating layers 7b formed of Zr0 2 . 
[0154] 

In this way, since it is possible to expose the wiring layers 
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Qbl and Qb2 necessary for wiring and to remove some unwanted portions 
by virtue of an exposure only based on a dry etching using CF A gas, 
it is allowed to simplify the whole process for the manufacturing. 
[0155] 

5 <A fifth step for manufacturing the semiconductor laser device LDB> 
Next, as shown in Fig. 11(b), vapor deposition is performed 
to form the ohmic electrodes Pb2 consisting of AuGe alloy on the 
exposed surfaces (top surfaces) of the laser oscillation sections 
10b, and to form the ohmic electrodes Pbl consisting of Ti, Au or 
10 their alloy on the bottom surface of n-type GaN semiconductor 
substrate SUB 1. Subsequently, a cleaving operation is performed 
along the (1-100) surface which is a cleavage plane of the GaN based 
film layer 4X, thereby forming laser resonators. 
[0156] 

15 Furthermore, a secondary cleaving operation is performed in 

a direction perpendicular to the laser resonators through the wiring 
layers Qbl and Qb2 , thereby completing the semiconductor laser device 
LDB having the first and second light emitting elements lb and 2b 
shown in Fig. 7. 

20 [0157] 

In this way, according to the semiconductor laser device LDB, 
since it is possible to fix together the laser oscillation sections 
4b and 10b by virtue of the SOGs 3b (having a small thickness) , 
it is possible to reduce an interval between the light emitting 
25 points on the laser oscillation sections 4b and 10b. In other words, 
since the semiconductor laser device LDB has a structure in which 
the laser oscillation sections 4b and 10b are fixed together by 
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virtue of the thin SOGs 3b, it is possible to reduce an interval 
between the active layer of the laser oscillation section 4b and 
the active layer of the laser oscillation section 10b, thereby making 
it possible to reduce an interval between the light emitting point 
located in the active layer of the laser oscillation section 4b 
and the light emitting point located in the active layer of the 
laser oscillation section 10b. 
[0158] 

Moreover, since the ohmic electrode layers 6a and 9a on the 
p-type semiconductor side are formed only on the ridged waveguides 
5a and 8a, the laser oscillation sections 4b and 10b have small 
parasitic capacitances, thereby making it possible to improve the 
response characteristics of the laser oscillation sections 4a and 
10a, i.e., a high frequency response characteristic of a drive 
current . 
[0159] 

Moreover, since the laser oscillation sections 4b and 10b are 
electrically separated from each other by SOGs 3b, it is possible 
to effect light emissions either individually or simultaneously. 
Further, even if only one of the first and second light emitting 
elements lb and 2b is caused to emit a light, the other of the first 
and second light emitting elements lb and 2b will not be in an inversed 
bias state. 
[0160] 

In addition, when the semiconductor laser device LDB is mounted 
on an optical pickup which performs information recording or 
information reproducing on CD, DVD or other storage medium, the 
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reduced interval between light emitting points makes it possible 
for the respective light emitting points on the first and second 
light emitting elements lb and 2b to be all positioned adjacent 
to the optical axis of the optical system of the optical pickup, 
5 thereby making it possible to greatly inhibit the occurrence of 
an aberration or the like. 
[0161] 

Besides, according to the manufacturing method of the present 
embodiment, after the intermediate bodies 300 and 400 capable of 

10 producing a plurality of the first and second light emitting elements 
lb and 2b are fixed together by virtue of the SOGs 3b, cleaving 
or scribing or the like is performed to divide the block into the 
respective semiconductor laser devices LDB. In this way, it is 
possible to realize an optimum control of an interval between the 

15 light emitting points of the first and second light emitting elements 
lb and 2b, in only one operation of fixing together the intermediate 
bodies 300 and 4 00 . Meanwhile, it is also possible to effect a desired 
positioning at a high precision, thereby realizing a simplified 
manufacturing process or the like, 

20 [0162] 

Furthermore, according to the manufacturing method of the 
present embodiment, in the steps shown in Figs. 10(b) and 10(c) 
(the second and third steps for manufacturing the semiconductor 
laser device LDB) , the insulating film lib is exposed by processing 
25 n-type GaAs semiconductor substrate SUB and the AlGalnP based film 
layer 10X. In this way, since the GaN semiconductor substrate is 
used in the semiconductor substrate SUB1 on the first light emitting 
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element lb side, it is possible to produce GaN based film layer 

4X having an acceptable crystallizing ability. 

[0163] 

In this way, according to the present embodiment, it becomes 
5 possible to provide an improved semiconductor laser device LDB which 
can emit a plurality of laser lights having different wavelengths 
and has excellent electrical properties as well as a high mechanical 
precision. Besides, it is also possible to provide an improved 
manufacturing method capable of manufacturing the semiconductor 
10 laser device LDB at an improved productivity. 
[0164] 

In addition, although the above description has been given 
based on an example in which a nitride based III-V compound 
semiconductor whose group V element consists of nitrogen (N) is 

15 used to form the laser oscillation section 4b serving as the main 
body portion of the first light emitting element lb, it is also 
possible to replace the nitride based III-V compound semiconductor 
with II-VI compound semiconductor to form the laser oscillation 
section 4b. 

20 [0165] 

Moreover, the insulating layer lib can be formed by one of 
any other materials provided that it can be dry-etched by the foregoing 
CF 4 gas. Similarly, the insulating layer 7b can also be formed by 
one of any other materials provided that it can be dry-etched by 
25 the foregoing CF 4 gas. 
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